SUMMARY The understanding of left ventricular failure and cardiogenic shock after myocardial infarction has been facilitated by a two-component model proposed by Swan et al.1 which views the left ventricle as consisting of a clearly defined infarcted portion and a normally functioning remainder. Although appealing, this model is difficult to substantiate experimentally. We describe a new experimental preparation in which the infarct is simulated by replacing part of the left ventricular wall with an inert patch of Dacron material.
CLINICAL OBSERVATIONS of left ventricular pump function after myocardial infarction do not consistently support the concept of global left ventricular loss of function. Swan et al.1 proposed a more logical two-component model that makes the useful, though arbitrary, distinction between an area of abnormality and a remaining left ventricle that is functioning normally. The model recognizes that infarction alters function as a result of changes in both compliance and contractility, and has proved to be a valuable contribution to the understanding of left ventricular power failure over a wide range of clinical profiles. This model has been helpful despite recognition that clinical left ventricular abnormalities are usually poorly defined, nonhomogenous, and temporally variable.
Experimental support for this model has been scarce. Conventional methods of producing akinesis by infarction result in irregular areas of fibrous tissue interspersed with functioning myofibrils, which exhibit varying degrees of contractile function or distention during systole. These problems make accurate evaluation of the conceptual model extremely difficult.
To help clarify this problem, we developed an experimental preparation of left ventricular akinesis with a clearly delineated area that neither contracted nor expanded in ventricular systole. The results of these experiments show close correlation with the predictions of the conceptual model as applied to a noncompliant and noncontracting segment, and offer further insight into the effects of left ventricular akinesis after myocardial infarction. The model is readily applicable to more sophisticated studies of left ventricular function and diastolic compliance.
Materials and Methods

Experimental Model
Mongrel dogs weighing about 20 kg were anesthetized with sodium pentobarbital (Nembutal), 20-30 mg/kg body weight, and were intubated and ventilated. The femoral artery and vein were isolated, and the heart was exposed through a left thoracotomy. Cardiopulmonary bypass was initiated from the right atrium to the femoral artery. The left ventricle was opened through an anteroapical incision, which avoided major coronary branches, and the ventricular incision was closed by direct suture without myomectomy (group A), or was closed with an oval patch of heavy woven Dacron backed with felt after excision of an appropriate segment of myocardium (small patches, group B; large patches, group C - fig. 1 pressure, aortic pressure and left ventricular dp/dt. Cardiac output was determined by the standard dyedilution technique.
After each set of readings was completed, a solution of isoproterenol was infused until moderate tachycardia was noted (usually 2-4 jAg/min), and the studies were repeated.
Radiographic
High-speed cine left ventriculography was performed on six dogs with patches to exclude mitral regurgitation and to confirm absolute akinesis of the patch.
Postmortem
All animals were killed after postoperative hemodynamic evaluation. The heart was removed and the left ventricle dissected free from other structures. The ventricle was weighed and opened so it could be flattened onto a sheet of squared paper. Its outline was carefully recorded and its area accurately measured ( fig. 2 ). The area of the patch was expressed as a percent of the total left ventricular wall area.
Statistical A nalysis
Mean values and standard deviations of all measured variables were calculated for each group. Groups were compared by analysis of variance. In ad-FIGURE 2. Epicardial surface of heart showing how the left ventricle is opened and the rest of the heart is removed. dition, individual patch sizes were plotted against enddiastolic pressure, and a linear regression calculation was performed.
Results
Eighteen dogs survived long enough to be studied satisfactorily after operation. Each dog was assigned to group A, B or C according to the size of the Dacron patch. The size of the patches, as measured at autopsy, ranged from 9-33 cm2, and represented from 9-31% of total left ventricular wall area. No dog survived with a patch larger than 31%, and most with patches larger than 25% died. Dogs who had only ventriculotomy and closure without a patch were assigned to group A (three dogs), those with small patches (less than 17% of left ventricular area) were assigned to group B (seven dogs), and those with large patches (greater than 17%) were assigned to group C (eight dogs). judged by Vmax and maximum dp/dt, did not distinguish between dogs with patches and controls (figs. 5 and 6). Vmax in the controls was 4.3 ± 0.7 circ/sec; Vmax and maximum dp/dt,2" is not different from control at the time of postoperative measurement. We SUMMARY In this paper we examine the relations that may exist between the geometric variables most frequently used to describe left ventricular contraction. The left ventricle is represented by a thick-walled cylinder contracting both radially and longitudinally. For this model, wall thickening, mid-wall radius shortening and longitudinal axis shortening can be shown to be uniquely related during contraction, whereas it can be demonstrated that internal radius shortening is not uniquely related to these variables, but is also determined by the specific geometry of the cylinder, expressed in terms of the mid-wall radius-to-wall thickness (R/h) ratio of the cylinder. tial shortening and wall thickening in terms of left ventricular power. There remain, however, many questions about the precise relationship between the directional components of contraction and myocardial fiber shortening. Recent investigators have, for instance, reported that myocardial wall thickening in aortic stenosis could be decreased despite normal circumferential shortening. 8 In this paper, we analyze in detail the geometrical changes occurring during left ventricular contraction in patients with pressure or volume overload of the left ventricle. We used a geometrical model of the ventricle to express the relations that may exist between the various variables used to describe the dimensional changes occurring within the ventricle during contraction.
Methods
Theoretical Considerations
These considerations are aimed at deriving the geometrical relations between wall thickening, internal radius shortening, mid-wall radius shortening and
